The present work was conducted in a private orchard situated at Motobus, Kafr El-Sheikh governorate, Egypt during 2014-2015 and 2015-2016 seasons. The main objective of this study is to evaluate the effect of kaolin foliar applications on disorder fruits, yield, fruit quality and storability of Balady mandarin fruits (Citrus reticulate,B) for 45 days. Trees were sprayed with kaolin at five concentrations (0, 1, 2, 3 and 4% ) for three times in summer. Fruit samples were divided into two groups and stored at 2±1 0 C and 6±1 0 C at 90-95% RH for 45 days.
INTRODUCTION
Citrus productivity as well as fruit quality is affected with a greater extent due to physiological disorders, which resulting from extreme of environmental conditions like temperature, light, and nutritional imbalances (Kumer and Kumer, 2016) . In summer, Balady mandarin fruits exposed to heat stress caused by high temperature, together with direct solar radiation causing fruit damages such as splitting, rind disorders, sunburn and other fruit blemishes (Minessy et al., 1969 and Schrader, 2011) . These disorders have a negative impact on yield and fruit quality as well as increase unmarketable fruits and cause high losses to the growers (Verreynne and Merwe, 2011) . Furthermore, increasing susceptible fruits to diseases during storage and reduced fruit shelf life. Therefore, kaolin foliar sprays can play an important role in protecting mandarin fruits against sun injuries and physiological disorders (Glen et al., 2002 and Colavita et al., 2011) .
Kaolin is a naturally occurring mineral (a clay), main constituent is kaolinite, with the formula Al 4 Si 4 O 10 (OH) 8 with the following theoretical composition SiO 2 = 46.5%, Al 2 O 3 = 39.5% and H 2 O = 14% (Obaje et al, 2013) . (Glenn, 2009 ) mentioned that, kaolin foliar spray on apple tree to reflect sunlight, led to lower the temperature of fruit surface, reducing sun injuries as well as improving yield and fruit quality. Ennab et al. (2017) concluded that, kaolin foliar applications at 3 and 4% decreased leaf heat and fruit surface temperature and was more effective to control sunburned fruits of Balady mandarin trees. Moreover, kaolin foliar spray was found to enhance water use efficiency and reducing the adverse effects of water deficit on pistachio and pomegranate trees (Azizi et al., 2013 and El-Khawaga and Mansour(2014) . also, kaolin appears to be an important and helpful tool to reduce insect attack, medfly fruit damage and could be a valid alternative to intensive applications of insecticides, currently commonly used in citrus orchards. In this respect, Braham et al. (2007) reported that, Kaolin particle film applications successfully protected fruits from medfly infestations and provided long term control from fruit development until harvest compared to insecticide.
Generally a few studies were done in different fruit species to evaluate the effect of preharvest kaolin treatments on fruit quality during storage on apple (Ergun 2012 ) and on Washington navel orange ( Ali and Elhamahmy 2015) .
Therefore, this study aimed to evaluate the effect of kaolin foliar application on physiological disorders, yield, fruit quality and storability of Balady mandarin fruits.
MATERIALS AND METHODS
The present study was carried out during 2014-2015 and 2015-2016 seasons on 17 years old Balady mandarin trees (Citrus reticulata, Blanco) budded on Sour orange (Citrus aurantium, L.) rootstock, planted at 5 x 5 meter apart in a private orchard situated at Motobus, Kafr El-Sheikh governorate, Egypt. Thirty trees uniform in growth, vigour and productivity were selected and subjected to the same cultural practices commonly adopted on the orchard. Trees were arranged in a randomized complete block design, each treatment replicated three times with two trees per replicate. Kaolin foliar spray was applied as three times, once in 15 June, 15 July and 15 August in both seasons. Treatments included five concentrations of kaolin as follows: 0, 1, 2, 3 and 4% .
At harvest time (mid. January in both seasons) when TSS/acid ratio between 10-13, yield of each tree was determined as number and weight (kg) of fruits/tree. The percentages of sunburn, splitting and bruising as fruit disorders was estimated individually by the following general formula:
A sample of fruits were taken at random from each treatment at harvest time and directly transported to laboratory of Sakha Horticulture Research Station, Kafr El-Sheikh governorate to determine fruit quality. The remaining fruit samples divided into two groups, each group packed in carton, each one contained 28 fruits (replicate). The first group was stored at 2±1 0 C and 90 95 % RH and the second group stored at 6±1 0 C and 90 95 % RH for 45 days. each box represented one replicate.
The variables were measured at 15 days intervals as follow:
Weight loss was expressed as percentage decrease in fruit weight, using the following formula ((W0-Wt)/W0)*100, with W0 being the initial weight and Wt being the fruit weight after an indicated period of storage.
Fruit decay (%) was determined by counting the number of decayed fruits through 45 days and expressed as a percentage of the initial number after an indicated period of storage as well as chilling injury (%).Chilling injury symptoms measured as browning area of the peel and internal breakdown. Peel fruit firmness were expressed as gm/mm 2 .
Fruit decay (%) was determined by counting the number of decayed fruits through 45 days and expressed as a percentage of the initial number after an indicated period of storage as well as chilling injury (%).Chilling injury symptoms measured as browning area of the peel and internal breakdown.
The characteristics quality attributes such as titratable acidity, total soluble solids and ascorbic acid were determined according to A.O.A.C. (1990) .
Titratable acidity was measured by titration with 0.1 N NaOH, and expressed as percentage of citric acid/100 ml juice. Soluble solids content were measured by a handy refractometer and SSC/acid ratio was estimated. Ascorbic acid was determined by 2,6 dichlorophenol indophenol and expressed as mg ascorbic acid/100 ml juice.
Statistical analysis was done by MSTATC software program and treatment means were compared by using Duncan multiple range test at 5% level according to Duncan (1955) .
RERSULTS AND DISCUSSION
1. Effect of kaolin foliar sprays on yield and its components: Data in Table ( 1) showed that, yield as number of fruits per tree, fruit weight and total yield (kg/tree) of Balady mandarin trees was significantly increased by all kaolin treatments comparing with control in both seasons. The highest yield as (kg/tree) was observed with kaolin foliar application of 4% and 3% in both seasons, respectively. However, trees sprayed with tap water and kaolin at 1% gave the lowest yield as number of fruits per tree, fruit weight and yield as (kg/tree) compared to other treatments in both seasons. These results are in agreement with those obtained by Ennab et al. (2017) on mandarin. Abdel Ghani et al (2013) on olive concluded that, kaolin foliar spray at 5% significantly increased yield as number of fruits per tree or weight (kg) of Aggezi and Picual olives compared to foliar spray with calcium carbonate (5%) and tap water.
Results in Table ( 1) also showed that, the heaviest fruits were harvested from trees sprayed with kaolin at 4% followed by 3% as compared with those taken from control trees and other treatments, the differences were significant among treatments in both seasons. These results agreed with those of Palitha et al. (2010) Ennab et al. (2017) using kaolin on mandarin and found that, kaolin treatments at 3 and 4% improved fruit Increased fruit yield as a result of kaolin treatments may be due to its protective effect from high temperature and reflection of solar radiation, especially UV wavelengths, which led to reduce heat stress on fruits, enhance fruit water content by decreasing transpiration from fruit surface (Glenn and Puterka 2005) . Also, yield increased as a result of increased fruit number resulting to successfully protected fruits from medfly infestations, reduction fruit disorders and weight.
Effect of preharvest kaolin foliar sprays on some fruit disorder percentages of Balady mandarin trees during 2015 and 2016 seasons.
Illustrated data in Table ( 2) indicated that, all fruit disorder percentages were significantly decreased by kaolin foliar application compared to control in both seasons. Kaolin treatments at 4 and 3% gave the lowest disorder percentages in both seasons, respectively. Highest percentage was obtained with control treatment in both seasons. However, kaolin foliar application at 1 and 2% gave intermediate values. These results were in agreement with those obtained by Weerakkody et al. (2010) , Vatandoost et al. (2014) , Hegazi et al. (2014) , Chabbal et al. (2014) and Ennab et al. (2017) .
Decreasing fruit disorders resulting kaolin treatments may be due to the protection from high temperature and reflection of solar radiation which led to reduce heat stress on fruits and enhance fruit water content by decreasing transpiration from fruit surface (Glenn and Puterka ,2005) . These results are in agreement with those obtained by Glenn et al. (2002) on apple and Colavita et al. (2011) on pear. This reduction in fruit disorders enhances yield and marketable fruit percentage. 3. Effect of preharvest kaolin foliar sprays on fruit physical characters during cold storage: 3.1. Weight loss (%):
Data in Table ( 3) showed that, the percentage of weight loss increased with the progress of storage period and with the higher storage temperature (6±1 0 C) than the lower (2±1 0 C) during the two seasons. Different kaolin concentrations had lower percentages of weight loss compared to those control. In both storage temperatures, the highest weight loss percentage was observed in control treatment followed by 1% kaolin treatment. On the other hand, the treatment of 4% kaolin showed to be the superior one in reducing fruit weight loss percentage during the two seasons, respectively. Whereas, kaolin at concentrations 2 and 3% gave intermediate values of weight loss.
Generally, the results indicated that, preharvest foliar applications of kaolin was effective in reducing weight loss percentage of Balady mandarin fruits during storage. Similar results were obtained by Du Plooy (2006) on mango. In this respect, Ergun (2012) mentioned that, kaolin film application reduced weight loss ratio during the period of storage compared to the unsprayed ones when used at 2.5% and sprayed three time before harvest on Galaxy apple trees stored at 6 0 C for 100 days. The loss of water from fresh fruit after harvest is a serious problem, causing shrinkage and weight loss. The reduction in fruit weight loss as a result of foliar application of kaolin maybe due to reduce dehydration and water loss, retain the shriveling of the fruit skin, delay the fruit ripening and thereby delay the decline in fruit quality.
Decay (%):
Decay percentages of kaolin sprayed fruits was lower compared to the unsprayed ones at the end of storage period at two different storage temperatures (2±1 0 C and 6±1 0 C) Table (4).
Storage at 2 0 C showed lower decay percentage than that at 6 0 C. Decayed fruits were increased with the prolonging of storage period and high storage temperature. The highest decay% was observed in control (water sprayed trees) treatment followed by 1% and 2% kaolin in both seasons, respectively. Whereas, kaolin foliar application at 4 and 3% was more effective in reducing fruit decay percentage compared to other treatments.
One of the main effects of kaolin particle film during fruit postharvest life is to maintain their flesh firmness and delay the ripening processes. Similar results were obtained by Aquino et al. (2011) on Satsuma mandarin, grapefruit and orange. Also, Ali and Elhamahmy (2015) reported that, kaolin foliar applications at 2.5 and 5% were effective in reducing fruit decay % of Washington navel orange compared to control.
Peel fruit firmness (gm/mm
2) :
Data in Table ( 5) cleared that, all kaolin foliar applications showed a positive effect on improving peel fruit firmness of Balady mandarin fruits at harvest time and cold storage in the two seasons, especially at high concentrations (3 and 4%) compared to control and other treatments on the two storage temperatures during cold storage period in both seasons. This trend was noticed in all measurements till the end of storage time. One of the main effects of kaolin particle film during fruit postharvest life is to maintain their flesh firmness and delay the ripening processes. The highest peel fruit firmness at the end of storage period was recorded with kaolin treatment at 4% followed by 3% however, the lowest values were noticed in control treatment during the two seasons and with both storage temperatures during storage period with a marked significant between all treatments and control . This findings are in harmony with that of Ali and Elhamahmy (2015) , who reported that, Washington navel orange fruits treated by kaolin particle film at 2.5% recorded the highest values of fruit firmness compared to control and other treatments. Also, Argiriou and Nanos (2010) reported that, kaolin applications at 4% had a positive effect on flesh firmness and overall fruit eating quality in Royal Glory peaches at harvest and during storage.
Chilling injury (%):
In this study data in Table ( 6) showed that, the first chilling injury symptoms were appeared in control fruit after 15 days of storage at 2 0 C and after 30 days of storage at 6±1 0 C with appearance of featheriness and browning. Moreover, chilling injury symptoms showed an increase with the low kaolin concentrations and control, also with the low storage temperature during cold storage period. Chilling injury symptoms were increased slightly with the progress of storage time. The highest concentration treatments of kaolin (3 and 4%) did not show any fruit chilling injury symptoms during cold storage at 6±1 0 C in the two seasons. Moreover, (4%) kaolin spray did not recorded any fruit chilling injuries on both storage temperatures till (45 days) of storage in both seasons. Control fruits were significantly reached the highest chilling injury values compared with all kaolin treatments at the two storage temperatures at the two seasons. The above results are in a harmony with that of Ahmed et al. (2013) and Mditshwa et al. (2013) .Thes concluded that, silicon dips have an ability to reduce chilling injury symptoms in lemons.
Effect of preharvest kaolin foliar sprays on fruit chemical characters during cold storage Soluble solids content (SSC) %:
Soluble solids content (SSC) in Balady mandarin fruits decreased gradually as storage time progressed and with the highest storage temperature, Table (7) .
The values of SSC of control at both storage temperatures were lower than those of kaolin treatments during the two seasons. High concentrations of Kaolin (4 and 3%) improved fruit SSC % at harvest time and maintained high level of it at different period of cold storage till the end of storage time compared to control and other treatments. At the end of the storage period, the highest SSC values were recorded in kaolin foliar sprayed fruits at 4% followed by 3%, respectively, while the lowest SSC was found in control treatments in both seasons and at both stored temperatures. Similar findings were observed in some fruits treated with kaolin, as those reported by Argiriou and Nanos (2010) on peaches, Schrader et al. (2009) on apple and Aquino et al. (2011) on citrus and stone fruits. The increase in total soluble solids in fruits as a result of kaolin sprays may be related to the increased activity of enzymes responsible for the hydrolysis of starch to soluble sugars and the conversion of starch to sugar, which indicated that, the fruits are in the ripening process. The increase in total soluble solids in fruits as a result of kaolin sprays may be related to its effect on delaying ripening process , senescence stage and loss postharvest fruit quality as SSC. This explanation agreed with those obtained by (Ali and Elhamahmy 2015) on Washington navel orange fruits.
2. Titratable acidity (%):
Data presented in Table ( 8) showed that, all kaolin concentrations recorded high levels of titratable acidity in mandarin fruits during storage period compared to unsprayed fruits. In addition titratable acidity values were gradually decreased with increasing storage period at the two storage temperatures. On the other words, the highest storage temperature increased the decreament of TA with all treatments during storage period. The highest values of titratable acidity were observed in the 4% kaolin sprayed fruits with a high significant differences compared with the other treatments in most cases. These results were similar with those reported by Argiriou and Nanos (2010) on peaches and Ergun (2012) on apple. In this respect, Ali and Elhamahmy (2015) reported that, Washington navel orange fruits sprayed with kaolin at 2.5% recorded maximum level of titratable acidity at 100 days from start of storage period. The major organic acids in citrus fruits are citric, ascorbic, oxalic, tartaric, malic, lactic, whereas, citric acid account the most abundant acid of the total acid constituents of the juice. As the ripening of the fruits develops, a reduction in titratable acidity was observed. The decrease in acid content may be due to the use of acids by the fruit as a source of energy and the conversion of organic acids to form sugar (Burton, 1985) .
3. SSC/acid ratio:
The results revealed that, the SSC/acid ratio increased as the storage period progressed (Table 9) . Fruits stored at 2±1 0 C had slight high values of SSC/acid ratio than that stored at 6±1 0 C. The differences were not significant among all treatments in most cases at different storage temperatures in both seasons. Similar results were reported by Argiriou and Nanos (2010) . 4. 4. Vitamin C content (mg/100 ml juice):
Data presented in Table ( 10) cleared that, higher concentrations of kaolin foliar sprays produced the highest values of V.C content at harvest and during storage period compared the other concentrations in the two seasons. Vit. C content in Balady mandarin fruits stored at two different temperatures, 2±1 0 C and 6±1 0 C decreased gradually with the progress of storage period and with the increase of storage temperature. Moreover, fruits of trees treated with kaolin foliar application had significantly higher value of V.C compared to the control during storage period in both seasons. At both storage temperatures, the highest ascorbic acid content was observed at 4% kaolin treatment followed by 3% kaolin treatment, whereas, control treatment had the lowest value of ascorbic acid compared to other treatments.
So, it can be concluded that, kaolin foliar application at 3 and 4% are most effective in preventing V.C loss from fruits during storage period, this may be due to its effect in reducing fruit decay, dehydration and delay the decline in fruit quality. The same trend was also observed in the previous study by Ali and Elhamahmy (2015) who reported that, Washington navel orange fruits, sprayed with 2.5% kaolin had the maximum content of ascorbic acid at the end of storage period. CONCLUSION In light of this study it can be concluded that, preharvest kaolin foliar application in summer months specially with 4% which the was most effective treatment for increasing yield, reduce fruit disorders and enhancing fruit quality at harvest time and also, maintaining fruit quality and extending storability of Balady mandarin fruits during cold storage at (2±1 or 6±1 0 C) which exhibited by the least weight loss, decay and chilling injuries, highest fruit firmness, titratable acidity, soluble solids and ascorbic acid contents . 
